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Abstract 
The charge on ambient atmospheric particles is an important parameter in the 
investigation of particle dynamics.  Yet, there is only limited knowledge available on it, mainly 
due to the lack of instrumentation for its direct measurement.  The aim of this study was to 
explore the application and suitability of the Aerosol Electrometer (AE) TSI Model 3068 as a 
direct instrument for measuring ambient particle charge concentration, thereby extending its 
use beyond the current applications.  Through a set of experimental investigations the AE was 
applied to measure net concentration of charged particles in different environments. Results of 
the study showed the instrument is mostly suitable for outdoor field measurement, when 
particle charge concentrations are elevated, such as in the vicinity of strong ion emitting 
sources (high voltage powerlines, electricity substations, etc); and under conditions of air 
relative humidity of below 60%.  Operating the instrument above this humidity value would 
require the use of a dehumidifier.  74% (R2) statistical correlation (P<0.05) was obtained 
between the readings of the AE and the Air Ion Counter, when both instruments were used to 
simultaneously sample ambient air. 
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1 Introduction 
The charge of ambient atmospheric particles is a parameter of interest in the investigation 
of particle dynamics, as it affects particle diffusive properties and ultimately particle fate 
during transport. Yet, there is limited knowledge available on the particle charge concentration 
levels for different environmental settings, and particularly in the proximity of ion generating 
sources such as high voltage powerlines (HVPLs), electricity substations, motor vehicle traffic 
roads, etc. Though several studies have been conducted on the bipolar and unipolar charging of 
aerosol particles, very few were directed at measuring ambient charged particles. One main 
reason for this being the lack of instrumentation for their direct measurement, consequently 
ambient charged particles are regarded as a form of large air ions and the commonly applied 
methods for their measurement have been with the aid of air ion counters (IEEE 1990). 
One instrumental technique, which has a potential for application in investigations of 
ambient charged particle is the aerosol electrometer. In particular a portable and robust 
instrument designed to measure net charge on aerosol particles is the TSI Model 3068 Aerosol 
Electrometer (AE). But its application has been limited to instrument calibration, ionic current 
measurement and particle counting - an alternative to the condensation particle counter (CPC) 
(Agarwal and Sem 1978; Adach et al. 1985; Wiedensohler and Fissan 1988; Camata and 
Atwater 1996; Chen and Huang 1998; Hrabar et al. 1998; Banse et al. 2001; Hameri et al. 
2002; Unger et al. 2004; Alguacil and Alonso 2006). A comprehensive review of studies in 
which the AE was used revealed it has never been applied for the direct measurement of 
atmospheric charged particles. But due to its characteristics, it has a potential to at least 
partially fill the gap in the instrumentation needed for this important field of study. Designed to 
measure net charge on particles, the AE can be applied in measuring excess unipolar ambient 
charged particles that impact on atmospheric chemistry (Delory et al. 2006; Farrell et al. 2006) 
and the biological system (Guler and Seyhan 2001). An alternative instrument that can also be 
used to measure charged particles is the Air Ion Spectrometer (AIS) but when compared to the 
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AIS, the AE has the advantage of being a more portable, simpler, cheaper and real-time particle 
charge measuring instrument. 
The aim of this study was therefore to explore the application of the AE as a direct 
ambient particle charge measuring instrument, thus extending its use beyond current 
applications. The objectives of the study were to validate the AE as a suitable tool for ambient 
particle charge measurement through a set of experimental investigations; and to determine the 
optimal operating conditions for the AE’s stability for particle charge measuring purposes. 
 
2 Theoretical Background  
2.1 Aerosol Electrometer 
According to the manufacturer’s manual, the TSI model 3068 Aerosol Electrometer is 
designed to measure the net charge on aerosol particles in the size range of 0.002 – 5 μm. It 
consists of a current sensor, an absolute filter mounted on a teflon insulator within a metal 
housing and a solid state electrometer operational amplifier. The current sensor collects 
particles in the sampled air by the process of filtration, charges on the particles are measured 
and the net electrical current is displayed as voltage (TSI 2003).  
 
2.2 Atmospheric particles 
Airborne particles vary in composition, shape, size (0.001 to 100 μm) and depending on the 
location and time their ambient concentration is usually in the order of 103 - 105 particles cm-3 
(Morawska et al. 1998). Under normal atmospheric conditions and away from ion emitting 
sources, airborne particles and ions tend to exist in a steady state asymmetric bipolar 
equilibrium (Hussin et al. 1983; Adach et al. 1985). But as particles and ions interact or excess 
unipolar ions such as corona ions from high voltage powerlines (HVPLs) is released into the 
atmosphere, the average atmospheric ion concentration of around 103 ions cm-3 changes, the 
atmospheric steady state bipolar equilibrium is altered and more charged ambient aerosol 
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particles are produced. Of the different sizes of ambient particles those of the ultrafine 
(<0.1µm) range are of great interest in this study, mainly because they dominate particle 
number concentration (Morawska et al. 1998) and also because some studies have linked these 
particle sizes to adverse health effects (Pope 2000; Samet et al. 2000).  Currently being 
classified as a form of large ions, the commonly applied method for the measurement of 
ambient charged particles is with the Air Ion counter (AIC).  Designed to sample air ions with 
minimum mobility of 0.5 cm2 V-1 s-1 (1.6 nm sized ions), the AIC has a measurement range of 
10 - 106 ions cm-3 (Jayaratne et al. 2008). 
 
3 Experimental Methods 
In validating the AE for ambient particle charge measurement, indoor (laboratory) 
ambient air, outdoor ambient air and laboratory generated NaCl aerosol particles were used. 
(i) Indoor ambient aerosol particles. 
The first set of experiments was aimed at determining net charge of indoor ambient 
aerosol particles under normal conditions. This was achieved by using the AE and CPC to 
sample direct laboratory ambient air without altering the original charge state of the particles or 
ions in the air. Sampling at flow rates of 1 lpm, the CPC measured total particle number 
concentration while the AE measured the net charge (excess unipolar ions) of the ambient air 
(0.002 – 5 μm) particles. The effect of bipolar charging on the natural charge state of the 
indoor ambient aerosols was also investigated by passing ambient laboratory air through a 85Kr 
bipolar charger to modify the original charge state and impose an equilibrium state of charge 
on the air particles, before characterizing with the AE and CPC. 
 
(ii) Laboratory generated aerosol particles. 
Since the particle charge concentration level of the indoor air was low, the need arose to 
validate the AE under conditions with high concentrations of charged particles. Experiments 
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aimed at: (i) generating high concentration of ultrafine aerosol particles; (ii) charging the 
particles; and (iii) measuring the charge concentration were conducted using NaCl solution, a 
dehumidifier, TSI Scanning Mobility Particle System (SMPS) and the AE. The SMPS set-up 
used was made of a TSI model 3010 CPC and a model 3080 Electrostatic Classifier (EC). The 
EC consist of a particle impactor, a 85Kr bi-polar charger and a model 3085 Differential 
Mobility Analyzer (DMA). As can be seen in the schematic diagram of Figure 1, polydispered 
NaCl aerosol particles were generated by introducing nitrogen gas into a solution of NaCl. The 
NaCl particles were dried with Silica gel dehumidifier and an impactor mounted at the inlet of 
the EC was used to remove larger sized NaCl particles before charging with a 85Kr bipolar 
charger. The DMA was used to size classify and extract monodispered ultrafine NaCl particles 
with concentrations in the order of 103 particles cm-3. One limiting factor of the DMA used in 
this study and which is worthy of emphasis is that its central rod is permanently fixed at a 
negative polarity of voltage. Thus only positively charged NaCl particles were attracted to the 
central rod, size classified and exited via the output, while the neutral and negatively charged 
particles exit as excess aerosol. The SMPS set-up measured total particle concentration while 
AE measured the corresponding net charge on the NaCl particles. 
 
(iii) Outdoor ambient aerosol particles. 
Once the AE had been successfully employed in characterizing the NaCl particles, it’s 
suitability for outdoor ambient particle charge measurement was tested by sampling two 
different outdoor air environments.  That of a: (i) typical outdoor air (away from any known 
ion emitting source) and (iii) a highly charged air (of an electric power substation). Statistical 
correlation was conducted on the instantaneous output values of the AE and AIC (employed 
solely as a benchmark), when both instruments were simultaneously (i.e. at the same time and 
place) used to sample the highly charged outdoor ambient air.  While under no circumstance 
can there be a perfect correlation between the output of these two instruments (especially since 
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the AIC is able to detect smaller sized ambient ions, that are outside the detection range of the 
AE); the existence of a statistically significant correlation between these instruments in 
addition to the systematic higher readings of the AIC relative to the AE, is an indirect 
validation of the accuracy of the AE’s measurement. 
 
4 Results and Discussion 
Mean total particle number concentration of 2 × 103 particles cm-3 and net particle charge 
concentration of -84 ± 49 ions cm-3 were obtained when indoor (laboratory) ambient air was 
characterized with the CPC and AE. According to the study conducted by Morawska et al. 
(1998), this number concentration is well within the range for a typical indoor ambient air. 
Although observed to be on the low side the net particle charge concentration was also 
considered normal, since the air sampled was of an enclosed mechanically ventilated room. 
Altering the natural charge state of the indoor air particles with the 85Kr bipolar charge had no 
effect on the particle number concentration while an extremely low and almost zero (5.58 ions 
cm-3) net charge was recorded by the AE. While these results demonstrate the AE’s ability to 
measure extremely low ambient particle charge concentration, validating the instrument with 
high concentration of laboratory generated NaCl particles (concentration in the order of 103 
ions cm-3), showed its ability to accurately detect high concentrations of charge particles in any 
air flow. Using AE to sample outdoor ambient air, mean particle charge concentration of -478 
± 58 ions cm-3 (maximum -607 ions cm-3) and -1664 ± 998 ions cm-3 (maximum -3693 ions 
cm-3) were respectively recorded in the typical outdoor air and the highly charged air of the 
electricity power substation. Of all the different ambient air sampled in this study, the charge 
concentration level of the mechanically ventilated air was expected to be the least (being an 
enclosed room with no known ion emitting source), while the highly charged air of the 
substation was expected to be the highest. This expected trend was reflected in the output of 
the AE. Comparing the instantaneous values of the AE to the AIC when both instruments 
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simultaneously sampled charged outdoor ambient air, statistically strong correlation (R2 = 74%, 
P<0.05) was obtained.  The statistical significant correlation levels were obtained inspite of the 
existing differences in the detection range of these two instruments.  
Operating the AE under different ambient air conditions revealed its operations and 
stability are highly sensitive to humidity changes. The instrument was very stable at humidity 
values below 60% but at relative humidity above this, the AE’s zero reading starts to drift away 
from the manufacturers expected stable value of ±5 mV. This makes the AE unstable, its 
output unreliable and a strong indication that the instrument is not suitable for use under air 
relative humidity of above 60%. Placing some Silica gel (dehumidifier) inside the instrument’s 
metal casing however reduced the drift, allowing its use under conditions of over 60% relative 
humidity. Figure 2 shows a typical drift of the AE’s zero reading with changes in air humidity. 
 
5 Conclusions 
Net particle charge concentration of any air environment are indications of the excess 
unipolar ions present in that environment and this concentration levels are highly relevant 
when applying the AE for ambient particle charge measurements.  
With the advantage of real-time measurement, the aerosol electrometer is a cheaper, 
simpler and more portable alternative to the AIS for ambient charged particle measurement. In 
this study, the AE was successfully employed to measure net concentration of charged ambient 
particle of three different air environments. Applying the AE under different atmospheric 
conditions and with varying concentration of charged particles, suggests the instrument is 
particularly suitable for field measurement studies where ambient charged particle 
concentration are high (around strong ion emitting sources). The AE’s stability and operations 
were also observed to be highly sensitive to humidity variations, but the use of dehumidifiers 
reduced the instrument’s zero drift while also allowing its use under conditions of over 60% 
relative humidity.  In summary, this study validated the AE as a suitable tool for ambient 
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charged aerosol particle measurement studies and its successful application is an added 
advantage of this instrumental technique. 
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Figure 1. Experimental set-up for the production, charging and characterization of some 
laboratory generated NaCl aerosol particles. 
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Figure 2:  Aerosol Electrometer zero drift with variation in relative humidity 
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